Background. Brain metastases are a very common neurological sequela in cancer patients. The ability of current anticancer therapies to prolong overall survival is beleaguered by this development in the case of a number of different cancers. This review provides a general overview of relevant treatment modalities, highlights major decision strategies used in selecting the optimal treatment algorithm and summarizes important steps necessary before initiating therapy. Methods. A PubMed database search was done to identify publications describing the treatment of brain metastases including surgery, radiotherapy and symptomatic care. Results and Conclusion. Patient performance status and extent of disease play the most important roles in selecting between an aggressive or more conservative approach. As several other options are available, treatment decisions should be made in cooperation with multiple medical specialties and the involvement of multidisciplinary teams. In the future, brain metastases could become less of a treatment obstacle than they are today.
INTRODUCTION
The therapeutic strategy in the management of brain metastases depends on a number of factors: type of cancer, systemic tumor burden, available systemic treatment options, number and size of metastases and, location and performance status. Surgical resection, radiotherapy, systemic medical treatment and supportive care are the four principal pillars of therapy in patients presenting with brain metastases.
Two prognostic scoring systems are currently available as an aid to optimize treatment decision. These include the Recursive Partitioning Analysis (RPA), an older method for assessing patient prognosis 1 , and a newer one, the Graded Prognostic Assessment (GPA) which is now more widely used. The RPA classification that was used for several years did not include information about the type of primary tumor. However, Sanghavi et al. (2001) in a retrospective study, confirmed that the RPA class is a significant predictive factor (median survival 16.1 months for class I vs. 10.3 months for class II vs. 8.7 months for class III, P=0.000007). The beneficial effect of stereotactic surgery was also confirmed by significantly longer overall survival compared to overall survival in the original RPA analysis 2 . Owing to marked differences in prognosis for patients with brain metastases due to different tumor types, with advances in new systemic treatment options, the RPA was becoming less accurate over time and the GPA was introduced. Patients in the cited study were analyzed for prognostic factors that were significant for outcome. Significant parameters were then used to define individual sections of the final GPA scoring index. The median overall survival for all patients analyzed was 7.2 months. This index could be used for estimation of survival in individual patients based on specific prognostic factors for each primary. Expected median survival can be calculated from the GPA score. The maximum score index is 4, and the minimum is 0. Patients could be stratified into groups with poor prognosis (GPA score 0 to 1.0) and favorable prognosis (GPA 1.0 to 3.0). This scoring system indicates that prognostic factors are significantly different from one tumor type to another. It has been demonstrated that all metastatic tumors have the same poor prognosis of approximately 3 months with a GPA index of 0 to 1.0 regardless of histology. Hence, these patients should be treated with a more conservative approach. Performance status has been a common prognostic factor for all tumors. Breast cancer is a diagnosis with the highest expected survival given a GPA score >1.0 with an overall median survival time of 13.8 months, in gastrointestinal cancers 36% of patients had a GPA score of 0 to 1.0 representing a subgroup with the worst expected outcome 3 .
Treatment of brain metastases in patients with poor prognosis
Treatment of patients with brain metastases and poor prognosis is highly controversial because opting for omission of any therapy other than symptomatic care is a decision that is very difficult to make with regard to the preferences of the patient and his/her family. However, patients frequently benefit more from symptomatic ther-apy alone which alleviates symptoms caused by perifocal brain edema at metastatic sites. A more aggressive treatment, e.g. WBRT (whole brain radiotherapy), might even be harmful in patients with poor expected survival.
The most important components of symptomatic treatment are corticosteroids which can relieve the symptoms of brain edema very quickly 4 . Dexamethasone is the corticosteroid of choice owing to minimal mineralocorticoid effect. For symptomatic patients, the starting dose of dexamethasone should range from 4 to 8 mg/day but for patients with more severe symptoms, a dose of 16 mg/day or higher should be considered 5 . However, higher doses are associated with significantly greater toxicity 6 . As with other corticosteroids, the treatment should remain as short as possible. Fast tapering should also be avoided, and the optimal schedule is 50% reduction of dexamethasone dose every 4 days until the lowest sufficient dose is reached 7 . Intravenous drug delivery is preferred in patients with poor neurological status. Medication for metastases-related seizures might also be needed. The treatment of choice is antiepileptic drug monotherapy, e.g. levetiracetam 8 . It has been suggested that in selecting a therapy, it is important to distinguish whether the poor prognosis is determined by intracranial versus extracranial disease. Chernov et al. suggested that stereotactic radiosurgery (SRS) may be appropriate for patients with poor Karnofsky performance status (<50%) caused by the presence of intracranial metastases but not for patients in poor condition because of uncontrolled extracerebral disease. The median survival was 6 months in the group with poor performance status due to cerebral metastases and no extracerebral disease, and 1 month in patients with uncontrolled extracranial metastases 9 . Whole brain radiation therapy is considered a standard treatment modality for patients with poor prognosis. However, there is a dearth of evidence to support this approach in this patient subgroup (GPA score of 0-1). The benefit of addition of WBRT to OSC (optimal supportive care) was evaluated in the QUARTZ study whose interim data was published in 2012. The primary outcome was QALYs (quality-adjusted life years) and it analyzed patients with brain metastases from NSCLC (non-small cell lung cancer). In total, 151 patients were randomized, 75 to OSC+WBRT and 76 to OSC only. Median age was 67 years. The steroid usage was similar in both groups. WBRT was given in 5 fractions to a total dose of 20 Gy. In the WBRT+OSC group, the median survival was 49 days (95% confidence interval 39 -61), while in the OSC only group the median survival was 51 days (95% confidence interval 27-57) with an HR of 1.11 (95% confidence interval 0.80 -1.53) in favor of WBRT. The observed QALYs were 31 days for OSC in combination with WBRT and 30 days for OSC, with an absolute difference of 1 day (95% confidence interval -12.0 to +13.2 days). These data therefore support a more conservative approach in patients with poor prognosis but also suggest that the WBRT does not have a detrimental effect on patient quality of life 10 . Another study compared radiotherapy and best supportive care in this setting. Nieder et al. (2013) analyzed both patients with NSCLC and other malignancies. The median overall survival of 113 patients was 2 months. WBRT was delivered in a total dose of 20 or 30 Gy, respectively. This study also confirmed that there was not a significant difference between the two treatment groups, with the exception of patients with small cell lung cancer (SCLC). This group had significant benefit from a WBRT of 30 Gy. The difference in median survival was 4.7 months (0.6 versus 5.3 months; P=0.001). There was no obvious difference in risk factors between the two groups but there were only 6 patients in the SCLC group 11 .
Treatment of brain metastases in patients with favorable prognosis
In general, patients with brain metastases from gastrointestinal tumors and a GPA score above 1.0 have an overall survival of at least 4.4 months. Other tumor groups have a better expected outcome 2 . With respect to highly individualized therapy approaches, the choice of aggressive treatment modality should be made mainly according to expected survival which is predominantly determined by extracranial extent of disease. For this reason the treatment of brain metastases should neither start nor proceed until all staging diagnostic procedures have been performed and all necessary information obtained. As mentioned above, the treatment modalities include whole brain radiation therapy, surgery, stereotactic radiosurgery and systemic therapy 12 . In selecting an appropriate treatment strategy, the extent of CNS disease needs to be assessed as the number and size of brain metastases affect the treatment decision. Contrast-enhanced MRI is more appropriate in this setting because it provides higher sensitivity of detection 13 . Based on the total number of brain metastases, patients can be divided into three groups that are treated with different modality approaches, including patients with single brain metastasis, with two to three lesions and patients with more than three brain metastases 14 . The two most common sites of metastases are the hemispheres and cerebellum, i.e. sites accessible to surgical treatment. Hence the resectability of the tumor is usually limited by adjacent functionally important regions and surgical technique, although good performance status and controlled extracranial disease remain a precondition for this approach 15, 16 . Surgery allows prompt removal of tumor causing perifocal edema and especially for tumors larger than 3 cm, particularly in the posterior fossa 16 and also provides information on tumor histology. The goal of surgery is to achieve gross total resection (GTR), therefore en bloc removal is preferred whenever possible and this method does not necessarily imply higher rate of complications 17 . 19 ). However, these studies were published in the 1990s. The benefit of surgery compared to WBRT in single brain metastasis may be even greater today with the utilization of modern neurosurgical techniques. Surgery is of advantage in lesions such as metastases with herniation, large posterior fossa metastases and those with brain stem compression 20 . Further, in up to 10% of patients with solitary brain metastasis it has been shown that the brain tumor may represent other primary than originally suspected tumors. SRS/SRT is defined by highly conformed dose delivery, steep dose gradient at tumor margin and by non-homogeneous dose distribution inside the irradiated volume allowing accurate treatment and large dose per fraction. SRS/SRT should be used in patients with single brain metastasis of < 3 cm and two to four metastases all of < 2.5 cm, the upper limit of lesion diameter that can be safely treated with one fraction is considered to be of 3 to 3.5 cm 21 . The dose can be delivered in one fraction (stereotactic radiosurgery) or in a fractionated regimen (stereotactic radiotherapy). The principal advantage in comparison to resection is the ability to treat multiple and surgically inaccessible lesions, for instance in the brainstem 22, 23 . The cost-effectiveness of SRT vs. surgery in patients with single brain metastasis was assessed by Mehta et al. with the conclusion that surgical resection results in a 1.8-fold increase in cost, but minor difference in outcome 24 . The effectiveness of SRS versus WBRT has been evaluated in multiple studies (Table 1 ,2). In the RTOG 9508 study published in 2004, a total of 333 patients with single brain metastasis were assigned to treatment with WBRT alone or WBRT with SRS. There was a significant survival improvement in the WBRT plus SRS group (6.5 vs. 4.9 months, P=0.0393) ( Table 1 ). Patients treated with stereotactic radiotherapy had higher probability of stable or better performance status (43% vs. 27%, P=0.03). SRS boost to WBRT was shown to significantly prolong overall survival 25 . A secondary analysis of RTOG 9508 published in 2014 further stratified patients according to the GPA scoring system demonstrating that patients with high GPA (3.5-4) had a survival advantage regardless whether they had 1, 2, or 3 brain metastases, but also indicating lack of survival benefit for the patients not selected by the GPA score 26 .
The benefit of adding WBRT after radiosurgery or neurosurgery was investigated in the EORTC 22952-26001 study published in 2011. In this study, 359 patients of whom 199 were treated with radiosurgery and 160 with surgery, were randomized to adjuvant WBRT or observation. The study showed no difference in overall survival (10.9 v 10.7 months, P=0.89). Intracranial progression resulted in death in 78 (44%) of 179 patients in the observation arm and in 50 (28%) of 180 patients in the WBRT arm indicating increased recurrence rates if WBRT was omitted 27 . This study also suggested that overall survival is determined mainly by extracranial disease. Soffietti et. al showed a statistically significant detrimental effect of adding WBRT after SRS or surgery on HRQOL (ref. 28 ). The efficacy and non-inferiority of stereotactic radiosurgery was also confirmed in patients with 5 to 10 brain metastases in comparison to 2 to 4 metastases (HR 0.97, 95% CI 0.81-1.18, P=0.78) (ref. 29 ). Therefore the use of SRS in patients with more than 5 brain metastases and low overall volume should be more utilized and further investigated.
Treatment of recurrent brain metastases
Treatment of recurrent brain metastases with stereotactic radiosurgery/radiotherapy or salvage surgery is a real challenge. The efficacy of surgery and radiotherapy has been evaluated in several studies. Arbit et al. analyzed 109 patients with recurrent brain metastases of NSCLC. There was recurrence at the original site in 62% of patients, with recurrence at a different site in the remaining 38%. Thirty-two patients who underwent surgery after relapse had significantly longer survival (median 15 months) than 77 patients in whom the surgical intervention was omitted (median 10 months, P<0.001) (ref. 30 ). Another study by Vecil et al. showed that surgery was beneficial in patients who relapsed after first line stereotactic radiosurgery. In 61 patients with one to three brain metastases, the median overall survival from the date of salvage surgery was 11.1 months (95% CI 6.8-15.4 months). Major neurological complications occurred in 2% of cases, i.e. one patient. The authors recommended using salvage surgery in selected patients with controlled systemic disease and good overall performance status, preferably RPA I (ref. 31 ). The re-irradiation of brain metastases with SRS after prior SRS was evaluated by Kim et al. (2013) . In total, 32 patients were analyzed and the median survival of patients after the first course of SRS/ SRT was 14.6 months (5.3-72.2 months) and 7.9 months (0.7-61.1 months) from re-irradiation with SRS/SRT. The majority of patients (71%) died without active neurologic symptoms 32 . This analysis therefore supports the adoption of SRS/SRT as a treatment modality of choice in this setting.
Neurocognitive sparing technique
Neurocognitive decline as an adverse event of WBRT could be avoided if one of several new approaches in sparing cognitive centers are used. With intensity modulated radiotherapy (IMRT) the hippocampus can be spared unnecessary irradiation. Use of this technique called hippocampal avoidance whole brain radiotherapy allows further reduction in the risk of local recurrence but could increase the risk of cognitive decline and recurrence in untreated volume. Further, this radiotherapy technique is time-consuming and technically demanding 33 . The beneficial effect of hippocampal sparing was evaluated in RTOG 0933 phase II trial which reported significantly lower decline of cognitive functions 34 .
Systemic therapy
Historically, the use of systemic therapy in patients with brain metastases was limited due to the blood brain barrier that limited the efficacy of cytotoxic agents. However, the blood-brain barrier is disrupted in brain metastases resulting in increased exposure to systemic drugs. Additional increase in permeability of the bloodbrain barrier can be induced by radiotherapy. The tumor chemo-sensitivity appears to be as important as the role of blood brain barrier permeability 35, 36 . In order to achieve best tumor control, treatment should be aimed both at brain metastases and systemic disease. Retrospective analysis of the efficacy of primary WBRT with systemic treatment after radiotherapy was reported by Nieder et al. In this analysis, 189 patients from brain metastases database were analyzed. Timing and type of systemic therapy were chosen according to clinician choice. All patients were assigned DS-GPA and RPA scores. The three most common diagnoses where patients received systemic therapy after completion of WBRT were NSCLC, SCLC and breast cancer, with systemic treatment used in 42%, 50% and 63% respectively. 85% of patients had extracranial metastases and 53% had more than 3 metastases. The overall survival was significantly longer in patients treated with systemic therapy with a median of 6.4 vs. 2.1 months (P=0.0001 ). The efficacy of systemic therapy in brain metastases may be more pronounced after WBRT but the benefit is mostly attributed to the control of systemic disease 37 . Systemic therapy in patients with brain metastases differs according to the primary, and there are numerous examples of systemic therapy markedly affecting the outcome.
Metastatic breast cancer is a chemosensitive tumor, including cases with brain metastases. The benefit of systemic therapy (lapatinib plus capecitabine) in patients with HER-2-positive breast cancer and brain metastases was confirmed in the LANDSCAPE single-arm phase II trial. Patients with HER2 positive breast cancer plus brain metastases who had no pretreatment with WBRT, lapatinib or capecitabine were assessed for CNS response, defined as a 50% or greater reduction in volume of CNS 38 . The effect of systemic treatment has also been presented in a number of case reports. For example, in a case report of a 50-year old patient with breast cancer and brain metastases with good DS-GPA score, repeated partial response of brain metastases after systemic treatment was observed. The first remission was achieved after T-DM1 (trastuzumab emtansine) and the second after trastuzumab, lapatinib plus capecitabine 39 . SCLC is another example of a chemosensitive tumor with frequent brain metastases. However, the benefit of adding systemic therapy to WBRT in patients with SCLC has not been established as shown in EORTC phase III trial that randomized 120 patients to teniposide alone and teniposide plus WBRT arms. Time to progression was significantly longer with the combined approach but no overall survival benefit was found with a median survival of 3.2 and 3.5 months (P=0.087), respectively 40 . Brain metastases are also common in NSCLC. Gerber et al. assessed the benefit of systemic therapy in patients with NSCLC. A total of 110 patients with EGFR mutated lung adenocarcinoma were assigned to treatment with erlotinib (63 patients), WBRT (32 patients) and SRS (15 patients). No significant difference in median OS was found between erlotinib and WBRT groups (26 vs 35 months; P=0.62). The longest median OS was in the SRS group (64 months; P=0.004) (ref. 41 ). Systemic therapy is also important for patients with metastatic germ cell tumors with involvement of the CNS (ref. 42 ). Moreover, new immunotherapies could increase the number of patients with brain metastases treated with systemic therapy, specifically in melanoma, RCC and NSCLC (ref. 43, 44 ). Further increase in the efficacy of chemotherapy may be achieved by using new data on transportation of chemotherapeutic agents over the cell membrane or biotransforming enzymes that metabolize the chemotherapy [45] [46] [47] .
CONCLUSION
Management of brain metastases is continuously and rapidly evolving. The preference for each treatment modality is influenced by emerging approaches, such as using new techniques in neurosurgery which allow gross tumor resection more easily and safely, using stereotactic radiotherapy alone or in combination with WBRT or neurocognitive function sparing techniques, e.g. avoiding hippocampus irradiation during the treatment of brain metastases and new systemic treatment options, including immunotherapy. Further research, preferably prospective trials, is clearly needed to guide clinicians about appropriate treatment strategies.
